Effects of Bushen Huoxue Formula on the Learning and Memory Function and the Cerebral Neurotransmitters in Diabetic Mice  by TIAN, Guo-qing et al.
Journal of Traditional Chinese Medicine, September 2010, Vol. 30, No. 3 201
 
 
Effects of Bushen Huoxue Formula on the Learning and Memory 
Function and the Cerebral Neurotransmitters in Diabetic Mice 
 
TIAN Guo-qing 田国庆 1, LU He-qi 卢贺起 2, GUO Sai-shan 郭赛珊 1, ZHANG Ling 张玲 2  
& FAN Sha-sha 樊莎莎 3 
1Peking Union Medical College Hospital, Chinese Academy of Medical Sciences, Beijing 100730, China 
2Institute of Chinese Medical Basic Theory, China Academy of Chinese Medical Sciences, Beijing, China  
3College of Chinese Medicine, Capital Medical University, Beijing, China 
 
 
Objective: To observe the effects of Bushen Huoxue Formula (Formula for reinforcing the kidney and 
activating blood circulation) on the learning and memory function and the cerebral neurotransmitters in 
diabetic mice. Methods: Forty ICR mice were randomized into the normal control group, model group, 
Nimotop group and Chinese medicine group, 10 mice in each group. Tail intravenous injection of alloxan 
was applied to prepare diabetic model. Four weeks later, intragastric administration of Bushen Huoxue 
Formula for the Chinese medicine group, Nimotop for the Nimotop group, and isometric distilled water for 
the other two groups were respectively given for 8 weeks. The changes in the blood sugar level were 
observed; the learning and memory function was detected by Morris labyrinth test; and the contents of 
norepinephrine (NE), dopamine (DA), 5-hydroxyltryptamine (5-HT) and 5-hydroxyl indole acetic acid 
(5-HIAA) in cerebral cortex were determined in mice of all the groups. Results: The blood sugar levels in the 
diabetic model mice significantly increased as compared with those of the normal control group determined 
72 h and 12 weeks later (P<0.05 or P<0.01). Latencies for Morris labyrinth test in the Nimotop group and the 
Chinese medicine group were significantly shortened as compared with that in the model group (P<0.01). 
The contents of cortical NE in the Chinese medicine group was significantly higher than that in the model 
group (P<0.01). Conclusion: Bushen Huoxue Formula can improve the learning and memory function in the 
diabetic mice, and the mechanism is possibly related with change of the cortical NE content. 
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Along with increasing of the living level, aging of the 
population and changing of the living patterns, the 
incidence of diabetes is increasing rapidly.1 In recent 
years, the injuries of the central nervous system 
induced by diabetes has drawn more attention, and a 
lot of data show that the patient may have damaged 
cognitive function, mainly the dysfunction in learning 
and memory.2,3 In the previous study, it was found 
that Bushen Huoxue Formula (Formula for 
reinforcing the kidney and activating blood cir- 
culation) could improve dysfunction of learning and 
memory in mice with cerebral ischemia, increase 
choline acetyltransferase (ChAT),1N receptor (NR) 
and M receptor (MR) activities in the brain tissues, 
and alleviate nervous apoptosis in hippocampus.4,5 
The present study probes further into the effects of 
Bushen Huoxue Formula (Formula for the reinforcing 
kidney and activating blood circulation) on the 
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learning and memory function, and on the cortical 
norepinephrine (NE), dopamine (DA), 5-hydro- 
xyltryptamine (5-HT) and 5-hydroxyindole acetic 
acid (5-HIAA) levels in diabetic mice, so as to 
provide an experimental basis for treating the 
diabetes-induced learning and memory with this 
formula. 
METERIALS AND METHODS 
Animal Grouping 
Forty male ICR mice, weighing (22±1) g, were 
supplied by Beijing Weitong Lihua Experimental 
Animal Technique Co., Ltd., License number: SCXK 
(京) 2007-0001. After weighing body weight, the 
mice were randomly divided into 4 groups according 
to the random number table, i.e., the normal control 
group, the model group, the Nimotop group and the 
Chinese medicine group, 10 mice in each group. 
Experimental Drugs 
Bushen Huoxue Formula (Formula for reinforcing 
kidney and activating blood circulation) is composed 
of 12 Chinese herbs, including Sheng Huang Qi (黄
芪 Radix Astragali) 30g, Gou Qi Zi (枸杞子 Fructus 
Lycii) 15g, Shui Zhi (水蛭 Hirudo) 6g, Di Long (地
龙 Lumbricus) 10g, etc. The prepared herbal pieces 
were purchased from Beijing Tongrentang 
Apothecary and fulfilled the requirements of 
Pharmacopeia. The decoction containing crude drugs 
1 g/ml was kept at 4℃ for use. Nimotop (Nimodpine 
tables) was purchased from Baier Medical Healthy 
Co., Ltd., batch number 107938. Alloxan was 
produced by Shanghai Chemical Reagent Factory, 
batch number F20060409, which was prepared with 
normal saline into a 14 mg/ml solution for use. 
Experimental Reagents and Instruments 
Reference materials: NE (batch number A0937), DA 
(batch number H9523), 5-HT (batch number H8502), 
5-HIAA (batch number H8876), internal standards: 
3,4-dihydroxyl benzyl amine (DHBA, batch number 
37616), 1-heptane sodium sulfonate, aquo-citric acid, 
and sodium citrate were produced by of Sigma 
Company. Methyl alcohol was made by Merck 
Company; perchloric acid, sodium pyrosulfite, 
ethylene diamine tetraacetic acid di-sodium salt 
(EDTA·2Na) and other reagents were AR grade and 
made in China; ultra-pure water with resistance 
>18MΩ was used in the experiment. Main 
instruments: Model 5600A HPLC-8 channels 
Coularray electrochemical detector (Model 5600A 
Coularray Detector-8, ESA Company, USA); 
CRIMSON-XT S-20107 Morris labyrinth test System; 
QA0961-2496 Blood Sugar Detector (Optium 
Company, USA). 
Method of Modeling 
In reference to the literature, the tail vein injection of 
alloxan in dose of 70 mg/kg was applied to the 
animals, and 72 h later the non-fasting blood was 
taken from the tail vein to determine the blood sugar 
level.6 The mouse with blood sugar ≥16.7 mmol/L 
was regarded as the diabetic model. 
Dose and Method of Administration 
Four weeks after modeling, the intragastric 
administration of Bushen Huoxue Formula (25 g/kg) 
for the Chinese medicine group, and Nimotop (15 
mg/kg) for the Nimotop group were respectively 
given once a day for 8 weeks; and according to the 
concentration gradient calculation, 0.5 ml/mouse was 
given to the above two groups. The distilled water 
was administered in dose of 0.5 ml/mouse to the 
other two groups, once daily for 8 consecutive weeks. 
Indexes and Methods of Observation 
1) Blood sugar: 72 h and 12 weeks after modeling, 
the tail vein blood was taken for detection of the 
non-fasting blood sugar level. 
2) Learning and memory ability: According to the 
literature, the 5th day and the 12th week after 
modeling, the time needed for finding the platform of 
Morris labyrinth was determined, i.e., the latency 
representing learning and memory ability of the 
mouse. The determination was made twice, 2 minutes 
each time, with an interval of 2 h. At the first time, if 
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the mouse could not find the platform within 2 
minutes, it would be placed on the platform for 20 s 
to promote the learning and memory ability. The 
result from the second determination was regarded as 
the learning and memory ability.  
3) Detection of the Central Neurotransmitters 
Contents: At the end of experiment, the mouse was 
killed by dislocation of the cervical spine, and the 
brain was immediately taken at 0℃ to separate the 
cortex for determination of NE, DA, 5-HT and 
5-HIAA contents with Coularray electrochemical 
HPLC method. 
Statistical Method 
The original data were collected and processed with 
Millenium 32 software; and SPSS10.0 statistical 
software was used for statistical analysis, with 
Student’s t test adopted for intergroup comparison. 
RESULTS 
Comparison of Blood Sugar Levels among the 
Groups 
Table 1 showed that 72 h after injection of alloxan, 
the blood sugar level significantly increased as 
compared with that of the normal control group 
(P<0.01). At the 12th week of the experiment, the 
blood sugar levels in the model group, Nimotop 
group and Chinese medicine group were significantly 
higher than that of the normal control group 
(P<0.01). 
Table 1. Comparison of blood sugar levels among the groups (mmol/L, x ±s) 
Group   Cases 72 h 12 weeks 
Normal control 10 10.15±1.80 10.38±0.81 
Model 8  26.50±1.65*  25.93±2.08* 
Nimotop 9  26.05±3.15*  25.57±3.69* 
Chinese medicine 8  27.52±1.56*  25.02±2.30* 
Note: Compared with the normal control group, *P<0.01. 
Comparison of the Latencies in Morris Labyrinth 
Test among the Groups 
As shown in Table 2, 5 days after modeling, there 
were no significant differences in the latencies among 
the 4 groups (P>0.05); but at the 12th week the 
latency in the model group significantly prolonged as 
compared with that of the normal control group 
(P<0.01); The latencies in the Nimotop group and 
Chinese medicine group significantly shortened as 
compared with that of the model group (P<0.01), 
with no significant difference between the two groups 
(P>0.05). 
Comparison of Cortical NE, DA, 5-HT and 
5-HIAA Contents among the Groups 
It can be seen from table 3 that as compared with the 
normal control group, in the model group the cortical 
NE content increased and 5-HT level decreased (both 
P<0.05), but the DA and 5-HIAA contents did not 
change significantly (P>0.05); in the Chinese 
medicine group the NE level further increased with a 
significant difference as compared with that of the 
model group (P<0.05), but the DA, 5-HT and 
5-HIAA levels did not change significantly. 
Table 2. Comparison of latencies in Morris labyrinth test among the groups (s, x ±s) 
Group Cases 5th day 12th weeks 
Normal control 10 35.80±33.08 18.11±17.13 
Model 8 39.90±35.74  60.89±28.71* 
Nimotop 9 33.20±32.51  18.53±17.12∆ 
Chinese medicine 8 37.90±21.58  19.10±13.85∆ 
Note: Compared with the normal control group, *P<0.01; compared with the model group, ∆P<0.01. 
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Table 3. Comparison of the cortical NE, DA, 5-HT and 5-HIAA contents among the groups (µg/ml,, x ±s) 
Group Cases NE DA 5-HT 5-HIAA 
Normal control 10 22.74±6.54 196.20±33.39 52.33±19.80 14.63±5.48 
Model 8  31.12±3.84* 193.60±18.71 24.72±7.92* 11.02±2.32 
Nimotop 9 29.17±7.29 176.80±45.31 26.92±2.13* 14.30±3.01 
Chinese medicine 8    37.39±4.98**∆ 212.10±38.31 26.50±4.72* 13.50±3.27 
Note: Compared with the normal control group, *P<0.05, **P<0.01; compared with the model group, ∆P<0.05. 
DISCUSION 
The learning and memory ability is related with a 
variety of factors, and it is particularly correlated to 
the changes in cortical neurotransmitters contents, 
volume of blood flow and relative receptor number. 
Coularray electrochemical HPLC method can 
accurately determine the NE, DA, 5-HT and 5-HIAA 
contents with high sensitivity, which has been 
recognized by American FDA. 7 
Learning and memory dysfunction falls into the 
category of “amnesia” in TCM, and it is thought to be 
closely related with the kidney. Therefore, the authors 
hold that kidney deficiency with blood stasis is the 
basic syndrome in diabetes patients with learning and 
memory dysfunction. Many studies have dem- 
onstrated that the Chinese medicines for reinforcing 
the kidney and activating blood circulation can 
improve the learning and memory function, blood 
hemorheologic characteristics, microcirculation and 
hemodynamics, and increase the volume of blood 
flow and blood perfusion volume in the tissues.8 The 
Bushen Houxue Formula is professor GUO 
Sai-shan’s empirical prescription for treatment of 
hypophrenia in patients with cerebrovascular diseases 
in TCM Department, Peking Union Medical College 
Hospital. It is composed of 12 Chinese herbs, 
including mainly Sheng Huang Qi (生黄芪 raw Radix 
Astragali), Gou Qi Zi (枸杞子 Fructus Lycii), Shui 
Zhi (水蛭 Hirudo), and Di Long (地龙 Lumbricus) , 
which functions to reinforce the kidney, activate 
blood circulation, supplement qi and nourish yin. The 
experimental data indicate that Huang Qi extract has 
protective effect for local cerebral ischemia/perfusion 
injury in rats, and it can enhance to learning and 
memory ability in mice;9,10 Gou Qi Zi (枸杞子
Fructus Lycii) can reduce mitochondrial DNA defect 
in brain tissue of senile rats, increase synthesis of 
mitochondrial ATP and brain mitochondrial res- 
piratory chain complex enzyme I activity, and has 
protective action on mitochondrial DNA oxidizing 
injury in senile rats;11 and alcohol extract solution of 
Shui Zhi (水蛭 Hirudo) decoction can decrease the 
brain apoptosis rate in cerebral ischemia/perfusion 
injury, and protect the ischemic brain cells.12 
In the present experiment, 72 h after alloxan injection, 
the blood sugar increased, over 16.7 mmol/L (300 
mg/dl) in all the mice; and the high blood sugar level 
was continuously kept, indicating successful diabetic 
modeling. Five days after modeling, the detection of 
latency in Morris labyrinth test showed that there 
were no significant differences in the learning and 
memory ability among the groups. 12 weeks after 
modeling, the latency prolonged in the model group, 
i.e., the learning and memory ability decreased, 
indicating that the diabetic learning and memory 
dysfunction model was successfully prepared. It has 
been proved that Nimotop can improve the learning 
and memory dysfunction. So, in the present study, 
Nimotop was used as the positive control. The 
latency in Morris labyrinth test was shortened in the 
Bushen Houxue Formula group, similar to that in the 
Nimotop group, suggesting that Bushen Houxue 
Formula can improve the learning and memory 
function in diabetic mice. In addition, as compared 
with the normal control group, in the mice after 
modeling, cortical NE increased, 5-HT decreased, but 
DA and 5-HIAA levels did not change significantly 
change; after administration of Bushen Houxue 
Formula, NE level further increased, but DA, 5-HT, 
5-HIAA levels did not change. It is indicated that the 
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learning and memory function in the diabetic mice is 
possibly related with the changes of central 
neurotransmitters contents, but the mechanism needs 
to be further studied. 
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